The study aimed at examination of tissue expression of polysaccharides and secretory mucin 5AC (MUC5AC) in young patients (up to 25 years of age) with a symptomatic gallstones. For comparison, patients most frequently subjected to cholecystectomy were studied, i.e. patients of approximately 50 years of age with the same diagnosis. In quantitative studies on tissue expression of both mucus components, the modern technique of spatial visualization was applied for the first time. Application of the technique permitted to demonstrate significant positive relationships between expression of glycoproteins (immunocytochemical ABC technique for detection of MUC5AC) and expression of sugar components in mucus (PAS technique) and to confirm suitability of the technique for quantitative appraisal of both histochemical and immunocytochemical reactions. An even higher expression of polysaccharides in the entire mucosa and of MUC5AC was detected in gallbladder epithelium of 50-year-old patients, as compared to young patients with symptomatic gallstones. In the young patients, expression of polysaccharides correlated with inflammatory activity (grading), width of gallbladder wall and PLT level in peripheral blood. A significantly higher expression of polysaccharides in gallbladder epithelium was demonstrated in young patients admitted in the emergency mode to the hospital. These correlations in young patients may suggest a role of both mucus components in pathogenesis of cholelithiasis in this age group. A quantitative appraisal of mucus component expression in the two parts of gallbladder mucosa (epithelium vs. entire mucosa) using spatial visualization technique permitted to more accurately compare production of glycoproteins and of polysaccharides in patients with cholelithiasis and to demonstrate additional correlations of a potential clinical significance.
Introduction
Cholelithiasis of gallbladder belongs to civilizationlinked diseases. Most frequently it is accompanied by chronic cholecystitis, which may lead to development of cancer of the organ [1] . Factors associated to a high risk of gallbladder cholelithiasis include female sex, obesity, insulin resistance, genetic conditioning and age [2] [3] [4] . Observations indicate that gallbladder cholelithiasis most frequently develops in older individuals. Nevertheless, in recent years an increasing incidence of symptomatic cholelithiasis is observed to affect increasingly young patients, including children [5, 6] . Among close to three thousand patients subjected to cholecystectomy at the end of 1970ties as few as 18 were young (all of male sex), i.e. between their second and 20th year of age. Most of them manifested the idiopathic form of the disease [7] . In children and youth affected by gallstones complications and traits of choledocholithiasis used to be more frequently described [8] . Manifestation of cholelithiasis alone as well as intra-and post-operative complications in young patients used to be associated with accompanying diseases, such as inborn defects of the heart, haemolytic disease, mucoviscidosis, prolonged parenteral feeding and other diseases [9] . Risk factors of cholelithiasis are the same in young and in older patients. Among other, they include female sex, alimentary habits, obesity and a disturbed function of the liver [6] .
Mucins produced by epithelial cells of gallbladder represent one of the key pathogenetic factors of lithogenesis. Glycoproteins of mucin are thought to be involved in preliminary stages of cholesterol gallstone formation [10, 11] , and their overproduction intensifies development of cholesterol crystals [12, 13] . Protein components of gallbladder mucins bind biliary lipids and may promote crystallization of cholesterol, contained in bile [14] . Interactions between mucins and calciumbinding proteins may result in precipitation of calcium phosphates and development of calcium-containing gallstones [15] . A role of mucins was reported in children in formation of gallstones composed of calcium carbonate [16] . Epithelium of gallbladder with gallstones was demonstrated to contain more surface mucins than epithelium of gallbladder with no gallstones [13] . Mechanisms of mucin over-production have been only partially recognised [17, 18] . Experiments on the mouse model point to a genetic background of both mucin accumulation, cholesterol crystallization and of gallstone formation in the gallbladder [19] .
Manifestation of cholelithiasis in increasingly young patients induces a justifiable interest since the aetiology remains mostly unknown, probably involving multiple factors. Better methods for an earlier diagnosis, therapy and prevention against cholelithiasis in this age group continue to be looked for.
In this study we decided to conduct analysis of tissue expression of two components of gallbladder mucus, i.e. polysaccharides and secretory mucin 5AC, as related to selected clinical data in young patients (up to 25th year of age) with the symptomatic gallbladder cholelithiasis. Quantitative analysis of the data took advantage of the modern technique of spatial visualization, tested for its suitability in evaluation of histoand immunohistochemical reactions.
Material and methods
Patients. The studies included selected clinical data and archival tissue material (gallbladders) obtained from the patients with a symptomatic gallstones. All the patients were subjected to cholecystectomy in the T. Cha³ubiñski Municipal Hospital in Ostrów Wielkopolski in years of [2003] [2004] [2005] [2006] [2007] . The principal group (group A) (n=37; young patients) included all patients up to 25 years of age (16 to 25 years of age, 31 women and 6 men) who were diagnosed and subjected to surgery in years of [2003] [2004] [2005] [2006] [2007] . For the reference group (group B) age criterion was accepted, amounting to approximately 50 years since in the years this was the most frequent age of cholelithiasis patients subjected to surgery at the Ward of Surgery of the mentioned above Municipal Hospital. Twenty patients were selected to the group (48 to 50 years of age, 15 women and 5 men). Duration of cholelithiasis symptoms in the analysed groups of patients most frequently ranged between 6 months and one year.
In all the patients the surgery was preceded by physical examination and USG imaging. Gallbladder cholelithiasis was diagnosed on the basis of clinical signs/symptoms and laboratory tests. In this study advantage was taken of basic laboratory results (levels of haemoglobin, WBC, PLT, bilirubin), epidemiological and/or clinical variables (age, sex, BMI). Clinical symptoms of the disease manifested upon admission to the hospital ("acute" or "chronic" ones) were also taken into account. The mode of surgery was differentiated as "urgent" or "planned". The number of gallstones removed during surgery was recorded using an arbitrary semiquantitative scale: 1-one gallstone of any size; 2-2-20 gallstones; 3->20-100 gallstones; 4->100 gallstones. Histopathological diagnoses were established following analysis of paraffin sections (stained with hematoxylin and eosin) within routine diagnostic tests (AK) and verified in the course of this study (WB, AK). In group A 35 patients were diagnosed as affected by chronic cholecystitis and two with acute cholecystitis, in group B all the patients suffered from chronic cholecystitis.
Tissue material. The studies were conducted on serial, 5 μm paraffin sections, placed on the SuperFrost/Plus microscopical slides. The archival material was fixed in a buffered 10% formalin and embedded in paraffin using the routine procedure. Studies with the use of paraffin sections included: (1) staining with hematoxylin and eosin; (2) demonstration of polysaccharides using histochemical PAS technique (periodic acid -Schiff reaction); (3) immunocytochemical reactions with the use of anti-human monoclonal antibodies specific for MUC5AC (NOVOCASTRA Labs, Ltd; Clone CLH2; Code: NCL-MUC-5AC), in dilution 1:100.
Histochemical PAS technique.
Paraffin sections on microscope slides were immersed in 1% solution of periodic acid (HJO 4 ), washed under tap water, immersed is Schiff reagent (discoloured fuchsin) for 5 min and washed for 10 min in water. The reagent of Schiff bound aldehyde groups, yielding purple-red colour. Finally, the paraffin sections were immersed for 2 min in hematoxylin for counterstaining of cell nuclei, dehydrated in a row of alcohols of increasing concentration and in xylene and closed under coverslips using Canada balsam [16] .
Immunocytochemical ABC technique. Detection and studies on cellular localisation of 5AC mucin in gallbladder mucosa took advantage of the classic ABC (strept(avidin)-biotinylated peroxidase complex) according to Hsu et al. [20] , the individual stages of which were described in detail in our earlier reports [21] . Following deparaffination and rehydration the preparations were additionally boiled in 10 mM citrate buffer in a 700 W microwave oven for 18 min, washed in PBS and, then, subjected to the reaction according to the standard procedure. Every test was accompanied by a negative control in which specific antibodies were supplemented by a normal serum of a respective species in 0.05 M TrisHCl, pH~7.6 supplemented with 0.1% bovine serum albumin (BSA) and 15 mM sodium azide.
Histological slides with polysaccharides and MUC5AC tissue expression were examined under the optical Olympus B-2 microscope coupled to a digital camera. Colour microscope images were recorded and archived using 40× objective (at least 10 fields in every microscope slide with a histochemical and/or immunocytochemical positive reaction), 2560×1920 pixels in size using LUCIA Image 5_0 computer software, documenting them in jpg format on the computer hard disc. For further processing, the images of 2560×1920 pixels in size in the LUCIA Image 5_0 software were converted to the size of 640×480 pixels. Expression of polysaccharides using the PAS technique was recorded on 680 images (characterizing 57 patients), which were subjected to a preliminary analysis of quality and image definition and/or non-specific colour reactions. Finally, the computer-assisted morphometric Semi-quantitative analysis of intensity in inflammatory infiltrate in gallbladder wall (grading). Inflammatory infiltrate in a gallbladder was evaluated using a 4-grade semi-quantitative scale in which 3 points corresponded to an intense and most frequently a diffuse inflammatory infiltrate, 2 points indicated a moderately intense and also diffuse inflammatory infiltrate, 1 point indicated individual wide spread cells on inflammatory infiltrates or focally arranged cells of the infiltrate, 0 points pointed to absence of inflammatory infiltrate cells. Intensity of inflammatory infiltrate in the mucosa (epithelium and lamina propria) provided grading 1 (G1), and appropriate intensity observed in muscularis and subserous layers yielded grading 2 (G2). Total grading was also calculated, represented the sum of G1+G2.
Morphometric analysis. The analysis was conducted using a technique based on spatial visualization of markers in microscope images, elaborated and programmed in the A4D computer software C++ language by Strzelczyk [22] . Application of the technique of spatial visualization to microscope images resulted in transformation of the flat image into a three-dimensional image using its brightness as the third coordinate (the spatial coordinate). The so formed spatial images contain, apart from the examined objects, also other elements, which had to be removed from the background level. For this purpose three filters were used: (1) filter of lucidity, which selects image elements the lucidity level of which does not exceed the threshold value of a lucidity histogram, typical for the analysed reaction; (2) filter of colour, in which the colour is coded as an angle of 0-360 grades, passing from the red colour, through the green and blue colours back to the red colour. This permitted to distinguish in the image colour reaction of an appropriate colour, representing a mixture of the three basic colours in image transformation: the red, green and blue colours; (3) filter of saturation, which permits to eliminate the grey background from colour images. The filters introduce no changes to the content of the original image but they mask useless elements, e.g., artefacts developed in a microscope image. Additionally, using a filter capable of smoothing median values it was possible to eliminate noises resulting from imperfect nature of CCD camera transformer, used to record microscope images.
The A4D programme allowed to sequentially calculate: 1. mean surface area of entire epithelium or entire mucosa (epithelium + lamina propria) in the recorded image (in pixels and μm 2 ) for every patient and for the entire group of patients, 2. mean surface area of the histochemical reaction (detecting complex sugars) and immunocytochemical reaction (detecting contents of 5AC mucin) per the entire epithelial surface area or surface area of the entire mucosa (in pixels and μm 2 ) for every patient and entire group of patients, 3. mean surface area of histochemical and/or immunocytochemical reaction for a given marker per entire epithelial area or per surface area of entire mucosa in every patient and every group of patients, calculated and expressed also in percents (%) (Fig. 1 ).
Results obtained using the A4D spatial visualization software were compared with results of colour thresholding in HSI space obtained using Image J software (public domain, NHI, Bethesda, MD) applied to the same images. In this aim, the Color Thresholder plug, available at http://rsb.info.nih.gov/ij web page, was installed in the basic version of the software. The error of measuring expression of histochemical and/or immunocytochemical reaction was appraised by evaluation of the standard error of differences between measurements conducted on the same 250 microscope images but obtained using two distinct techniques (A4D and ImageJ). The standard error of mean measurement value amounted to 97 pixels or 0.97% of the mean area of reaction established by the spatial visualization technique. Thus, it might be accepted that error of the method did not exceed 1%.
Results obtained in the two softwares for image analysis (LUCIA Image 5_0 and A4D) were exported to the format of C -spatial transformation of a flat microscope image (A) D -segmentation of 5AC mucin from a spatial image (C) E -projection of the spatially transformed reaction on a plane as a final result of automatic 5AC mucin segmentation for measurement of its area and of its share (%) in area of gallbladder epithelium. Microsoft Excel programme, i.e. a programme which is compatible with the Statistica PL v. 8 programme, with the aim to conduct statistical analysis. In this study results related to expression of polysaccharides and MUC5AC were presented in % of the histochemical and immunocytochemical reactions manifested by the epithelium and the entire mucosa (epithelium + lamina propria).
Ethical issues.
The study received consent of the local Bioethical Commission by Poznan University of Medical Sciences in Poznañ (no. 281/08).
Statistical methods.
At the first stage of the statistical analysis, compatibility of the obtained results was checked with Gauss'es distribution, using the test of Shapiro-Wilk. Employing the test of Levene, equal variances were documented for the three first parameters and, therefore, significance of differences was evaluated using the t test. Subsequently, parameters of a descriptive statistics were calculated (arithmetical mean, standard deviation, median value, minimum and maximum values). Results of morphometric studies were compared between the group of A (young patients) and B (older patients, unlinked samples) using the MannWhitney's test. Spearman's rank correlation was applied to examine association between variable values. Test for two structural indices permitted to evaluate differences in detectability (%) of selected traits between groups. Differences and relationships were accepted to be statistically significant at the level of p≤0.05. The statistical analysis took advantage of the Statistica PL v. 8 software.
Results

Histochemical analysis of polysaccharides expression in gallbladder mucosa
Detectability and cellular localization of polysaccharides. Presence of polysaccharides in epithelial cells was demonstrated as a product of a variable purple shade to an intensely violet colour. Independently of the group of patients, detectability of PAS-positive polysaccharides amounted to 100%. The positive reaction was observed mainly in the apical portion of cytoplasm in most of epithelial cells (Fig. 2A) . The positive reaction developed both in goblet cells and columnar cells. A particularly pronounced reaction developed in goblet cells in two patients, one in group A (Fig. 2B ) and another in group B (Fig. 2C) . Brush border, mucus on the surface of cells, sugar components of basement membranes ( Fig. 2A) and polysaccharides of lamina propria (Fig. 2B and C) were also PAS-positive. A strong PAS-positive reaction was demonstrated in tubulo-vesicular mucus glands of lamina propria (Fig. 2D ), in patients with traits of adenomyomatous hyperplasia.
Morphometric evaluation of polysaccharides expression.
Both in group A and in group B, a highly significant positive correlation was demonstrated between expression of PAS-positive polysaccharides, calculated as a % of the reaction in the epithelium alone, and expression expressed as a % of the reaction in the entire mucosa (Table 1) . A significantly higher expression of polysaccharides in the entire mucosa was demonstrated in the older patients (group B) as compared to the patients of group A ( Table 2) . Expression of MUC5AC was detected in 36/37 (97%) patients of group A 19/20 (95%) patients of group B, i.e., with manifestation frequency which did not differ significantly between the groups (p=0.7027). The mucin was located mainly in supranuclear parts of the cells, most frequently reaching apical portions of columnar cells in gallbladder epithelium (Figs. 3A and  B) . In parallel, very extensive regions of the epithelium (occasionally including a few tens of cells) which demonstrated no reaction for the protein (Fig. 3A) . No expression of the protein was observed in goblet cells, present in fragments of some gallbladder epithelia in either young or older patients (Fig. 3C) . In few tubulovesicular glands the reaction product manifested a highly variable presence or was altogether absent, or a granular reaction was observed in apical portions of individual glandular cells (Fig. 3D) .
Morphometric evaluation of MUC5AC expression.
Similarly to polysaccharides, a significant positive correlation was demonstrated between expression of MUC5AC, calculated as % of the reaction in epithelium alone, and respective expression similarly calculated in the entire mucosa, both in group A and group B (Table 1) . A significantly higher expression of epithelial MUC5AC was noted in gallbladders of older patients (group B) as compared to group A patients (Table 3) .
Legend: bold numbers indicate statistically significant differences; p-level of significance A -group of patients below 25th year of age; B -group of 50-year-old patients Table 1 . Spearman's rank correlation coefficients between expression (in % of the immunocytochemical reaction) of markers in epithelium and in the entire mucosa of gallbladder in the two groups of patients.
Legend: The table contains values of Spearman's rank correlation coefficient (r); bold numbers indicate coefficients r significant at p (level of significance) <0.05; A -group of patients below 25th year of age.; B -group of 50-year-old patients Table 2 . Expression of PAS-positive polysaccharides in patients with cholelithiasis.
Legend: bold numbers indicate statistically significant differences; p-level of significance A -group of patients below 25th year of age.; B -group of 50-year-old patients Table 3 . Mean expression of secretory mucin MUC5AC evaluated in epithelium or entire gallbladder mucosa in the two groups of patients. Correlations between expressions of polysaccharides and MUC5AC on one hand and selected clinical data on the other Marker expression and age of the patients.
In the group of young patients (group A) a low negative correlation was detected between age of patients and expression of MUC5AC in the epithelium alone (Table 4 , Fig. 4) . In group B, on the other hand, the low negative correlation with age of the patients was noted for epithelial expression of PAS-positive polysaccharides (Table 5 , Fig. 5 ).
BMI value. Neither in young nor in old patients could a significant correlation be discovered between BMI value and any studied marker of mucosa (Tables  4 and 5) .
Number of gallstones. Neither in group A nor in group B could a significant correlation be noted between expression of polysaccharides and/or MUC5AC and a number of gallstones (Tables 4 and 5) .
Width of gallbladder wall. In young patients, a positive relationship was detected between expression of polysaccharides in epithelial cells on one hand and width of gallbladder wall on the other ( 6A). No such a relationship could be detected for expression of MUC5AC in the group of patients. In the group of 50-year-old patients no correlation was noted between width of gallbladder an expression of any studied mucosal marker (Table 5) .
Grading. In patients up to 25 years of age, increasing activity of inflammatory lesions in deeper layers of gallbladder wall (G2) was found to be associated with the growing expression of polysaccharides in gallbladder epithelium (Table 4 ; Fig. 6B ). In the older patients a positive correlation was noted between epithelial expression of polysaccharides on one hand, G1, G2 values and total grading (G1+G2) on the other (Table  5 ; Fig. 7 ). In the studied groups of patients no significant correlations could be detected between grading (G1, G2, G1+G2) and expression of MUC5AC.
Number of WBC. None of the studied tissue markers was found to manifest a significant correlation with WBC in the group of younger patients (Table 4 ). In 50-year-old patients level of WBC demonstrated a positive correlation with expression of polysaccharides in the entire mucosa (Table 5) .
Blood platelet level. In younger patients clearly higher number of blood platelets was accompanied by a lower expression of polysaccharides in gallbladder epithelium (Table 4 ; Fig. 6C ), while in the older patients higher number of blood platelets manifested a positive correlation with expression of carbohydrates in the entire mucosa (Table 4) . Expression of MUC5AC manifested no significant correlations with PLT number in (Tables 4 and 5) .
Expression of markers and acute or chronic clinical symptoms. In young patients no statistically significant differences were detected either in expression of polysaccharides or MUC5AC as related to an acute or chronic course of clinical symptoms (Table 6 ). In the group of older patients a significantly higher expression of MUC5AC in epithelium alone was noted in patients with acute, as compared to those with chronic, clinical symptoms ( Table 7) .
As related to the emergency versus planned mode of admission, the group of young patients admitted in the emergency mode demonstrated a significantly higher expression of polysaccharides as compared to patients admitted in the planned mode (Table 6 ).
Reciprocal correlation between expressions of polysaccharides and of MUC5AC
In young patients (group A) higher expression of polysaccharides, demonstrated using the PAS histochemical technique, coexisted with the higher expression of secretory mucin (MUC5AC), detected by the immunocytochemical ABC technique, but this could be documented not for the expression values expressed in % of the reaction (Table 1) , but for the expression appraised morphometrically in pixels and per μm 2 of gallbladder Legend: bold number indicates a statistically significant difference; p-level of significance Table 6 . Values of mean marker expression in young patients (group A) as related to clinical symptoms and mode of admission to hospital.
Legend: bold number indicates a statistically significant difference; p-level of significance Table 7 . Mean values of marker expression in older patients (group B) as related to clinical symptoms and mode of admission to hospital. epithelium (Fig. 8 ). No such a correlation could be documented between the studied mucus components in the group of older patients (group B) ( Table 1) .
Discussion
PAS technique used to be applied for evaluation of production of mucus by gallbladder epithelial cells in various species of animals and in humans in normal and pathological conditions [23, 24] . Few of these reports pertained to gallstone cholecystitis in humans [16, 25] . In normal conditions gallbladder epithelium produced the so called sulphomucin while in cholecystitis the mucus was observed to undergo carboxylation and the mucus was so called neutral (or a mixture of the two types of mucus was noted) [23] . An increased content of glycogen was noted in more pronounced inflammatory lesions in gallbladder, as compared to less pronounced lesions, while effective therapy resulted in return of the normal mucus [25] .
In this study, application of the modern technique of spatial visualization to evaluation of polysaccharides and secretory MUC5AC mucin in gallbladder mucosa in the two groups of patients provided a reliable quantitative analysis of expression of the mucus components using histochemical and immunocytochemical approach. Higher expression of both mucus components (neutral polysaccharides and MUC5AC) has been demonstrated in older patients as compared to young patients. Moreover, expression of polysaccharides has been shown to increase in parallel to increasing grading in gallbladder wall, which could have been observed in particular in the group of 50-year-old patients (correlations with both G1 and G2 values). In young patients expression of polysaccharides has been demonstrated to manifest positive correlation with width of gallbladder wall. The almost twice higher expression of polysaccharides in the epithelium alone has been documented in young patients admitted in the emergency mode as compared patients submitted to planned operations. Other authors documented a relationship between an increased (as compared to the control) production of PAS-positive mucus in epithelial gallbladder cells in children with gallstones consisting of calcium carbonate, suggesting pathogenetic relationship of this type of gallstones in the youngest patients [16] . Results of this study cannot be compared to this only report since we have had no data as to the type of gallbladder deposits and we have studied a group of slightly older patients (mean age of around 21 years as compared to around 8 years in the quoted report). Also we have had no tissue material from fully healthy patients of respective age (ethical reasons). Nevertheless, demonstration of positive correlations between augmented expression of polysaccharides and an increased severity of inflammatory lesions in gallbladder, acute clinical course and/or emergency mode of the surgery may, at least partially, confirm involvement of PAS-positive neutral polysaccharides in pathogenesis of cholelithiasis and clinical course of the disease.
The secretory MUC5AC mucin (as a component of mucus) protects gallbladder epithelial cells from exposure to biliary salts. It is produced mainly by epithelial cells and secreted to an extracellular space [26] . Protein components of mucin are assumed to bind biliary lipids and to promote crystallization of biliary cholesterol [14] . In turn, interactions of mucins with calcium-binding proteins is supposed to promote precipitation of calcium phosphates and formation of calcium gallstones [15] . Scientific reports (few until now) point to alterations in expression of mucins in various diseases of gallbladder [13, 27, 28] . In 86-100% normal gallbladders a dominating expression of MUC3, MUC5AC, MUC5B and MUC6 mucins was demonstrated. In epithelial cells MUC3, MUC5AC and MUC5B prevailed while MUC5B and MUC6 dominated in deeper layers of gallbladder mucosa [28] . The group of Sasaki demonstrated over-expression of MUC2, MUC3, MUC5AC, MUC5B and MUC6, but in cholelithiasis of intrahepatic biliary ducts, suggesting a causal relationship between, in particular, MUC2 and MUC5AC and development of biliary stones [27] .
In this study expression of MUC5AC has been documented in almost all (with a single exception in each of group A and B) gallbladders of the patients, independently of the group. The glycoprotein has been located mainly in apical portions of gallbladder epithelial cells, which corroborates observations of other authors [16, 18] . Depending on epithelial region and individual traits of the patient a variable intensity of the immunocytochemical reaction has been observed. The immunocytochemical reaction has been negative in goblet cells present in some fragments of epithelia in both groups of the patients. As a rule no MUC5AC expression has been noted (or it has been very low) in hyperplastic cells of clear cell glands in lamina propria. This is consistent with observations of other authors, related to chemical composition of mucus in columnar cells of gallbladder epithelium in cholecystitis (containing mainly neutral mucus) as compared to the secretion of goblet cells or gland cells (producing mainly acidic mucus) [16, 23, 24] .
Mean value of MUC5AC expression has not been high (on the average below 5% of the reaction in the entire mucosa and around 15% of the reaction in epithelium) but, as already mentioned above, the higher amounts of the epithelial mucin has been detected in 50-year-old patients as compared to young patients. In the older patients who upon admission demonstrated acute clinical symptoms epithelial expression of MUC5AC has been twofold higher than in the patients with chronic symptoms. It can be recalled that similar clinical observations have pertained to expression of polysaccharides in the group of patients. It should be mentioned that the MUC5AC molecule consists in 80% of sugar residues [26, 29] . Mucins (including polymeric, secreted mucin MUC5AC) are complex O-linked glycoproteins characterized by the presence of at least one large region of the polypeptide rich in serine and threonine residues, termed the mucin domain. These hydroxylated amino acids are the sites of covalent attachment, via the linkage sugar N-acetylgalactosamine of a diverse array of O-glycans, many of which are sialylated or sulphated. As a consequence mucins are polyanionic, and a high percentage of their mass is cardohydrate [29] .
In this study we have been able to demonstrate parallelism of a higher epithelial expression of MUC5AC with a more pronounced expression of polysaccharides but this has been so just in the young cholelithiasis patients. The result might suggest an interrelationship between productions of the two distinct mucus components (sugars, proteins) by gallbladder epithelial cells in cholecystitis accompanied by gallstones. Nevertheless, in none of the studied groups the studies could have confirmed a correlation between expression of MUC5AC and grading of inflammation in the wall of gallbladder. As mentioned above, quantitative comparison of epithelial expressions of MUC5AC and polysaccharides has demonstrated a significantly higher expression of both mucus components in the older as compared to the young patients. This might point to a compensatory production of the two mucus components forming a protective layer of the mucosa but, on the other hand, the higher amount of mucus might have promoted formation of gallstones, particularly in the older patients.
Due to the relatively low patient's age variability both in the group of young and that of older patients it remains difficult to interpret relatively controversial results pointing to a negative correlation between patient's age and MUC5AC (in young patients) or PAS-positive polysaccharides (50-year-old patients). The result would require confirmation in the patients' population with a higher age range.
As related to the other data, it has been confirmed that MUC5AC belongs to principal mucins produced by gallbladder epithelium. Employing imunocytochemistry to localize several mucins in patients with cholelithiasis, several authors detected the highest amounts of MUC5AC and MUC5B [28, 30] . However, we have not been able to confirm the observations that a higher expression of MUC5AC is accompanied by more pronounced inflammatory lesions in gallbladder [30] . Other authors demonstrated a decreased expression of MUC5AC in epithelium in cases of acute cholecystitis as compared to the normal epithelium [28] . We could not have confirmed the observation since morphological traits of acute cholecystitis have been detected just in two examined patients.
Summary and conclusions
The results of our studies point to high usefulness of spatial visualization in evaluation of both immunocytochemcial and histochemical reactions in tissue material. A quantitative appraisal of mucus component expression in the two parts of gallbladder mucosa (epithelium vs. entire mucosa) permitted to more accurately compare production of glycoproteins and of polysaccharides in patients with symptomatic cholelithiasis and to demonstrate additional correlations of a potential clinical significance. The morphometric studies documented a positive correlation between tissue expression of polysaccharides, demonstrated using the PAS technique, with tissue expression of MUC5AC in young patients, which points to involvement of both mucus components in pathogenesis of a symptomatic cholelithiasis in patients below 25 years of age.
